We present results of fully 2D quantum-mechanical (QM) simulations of nanoscale MOSFET's. The validity of semiclassical transport models are first discussed. Then, QM effects on threshold voltage, subthreshold slope and short-channel performances are addressed. We show that QM effects significantly affect device performances in the nanoscale range.
Introduction
Careful evaluation of quantum mechanical (QM) effects has become a compelling issue in the design of aggressively scaled MOSFET's, where the confinement in the direction normal to the Si/Si02 interface affects important device parameters such as threshold voltage and gate capacitance. As the channel length is reduced below 50 nm, QM effects in the source-to-drain direction become also relevant, requiring a 20 treatment of the problem. To this aim, the effects of both the 20 QM charge distribution and QM charge transport should be assessed. However, recent studies suggested that semiclassical models for transport can be effectively used for channel lengths down to 10 nm or beyond [1, 2] . Moreover, several important device parameters such as threshold voltage and subthreshold slope are only marginally affected by the actual transport model used. For these reasons, we have investigated QM effects on the performances of nanoscale MOSFET's relying on a fully 20 self-consistent SchrOdinger-Poisson simulator coupled to a semiclassical transport model.
Numerical model
The inversion layer charge is computed solving the coupled 20 SchrOdinger and Poisson equation system, while the transport is self-consistently included according to a drift-diffusion framework. Good convergence properties are obtained using the effective intrinsic density concept [5] , where the local ni is modified to account for the QM charge. This approach is also profitably used to resolve the inconsistency between zero QM charge at the boundaries (consequence of the closed-boundary conditions) and non-zero current flow: A classical charge distribution can be effectively recovered in the contact regions by a smoothing procedure on ni. This approach results in a highly-effective fully 20 self-consistent QM model, achieving an exponential convergence rate. The accuracy of the solution against grid dimension was verified, as well as the influence of the boundary conditions, by changing the extension of the contact regions. Even if a detailed description of the charge transport was not our goal, a transport model based on the quantum transmitting boundary method Fig . I shows the simulated structure, a 25 nm n+ -poly n-MOSFET with an oxide thickness of \.5 nm and a uniform channel doping of 2 x 10 19 cm-3 . The source/drain junction depth is 20 nm, with a lateral abruptness of 1.5 nmldecade, complying with the requirements for sub-loo nm node technology [4] . Fig. 1 also shows the box region where the QM charge is actually computed, the device contacts, and the potential contours. We have first investigated the impact of the transport model used on the device current: Figs. 2 and 3 show a comparison between the transmission amplitude (TA) for wavefunctions propagating along the channel direction (calculated with the quantum transmitting boundary method) and the cumulative probability density (CPD) in the middle of the channel (computed within the drift-diffusion framework), as a function of the energy and for different gate biases. Note that TA determines the current in a QM transport framework, while CPD is proportional to the current in the semiclassical model. In Fig. 2 TA and CPD are displayed on a logarithmic scale. A good agreement can be noticed, with an exponential growth due to tunneling of the wavefunctions from the contact regions into the channel. When looked on a linear scale (Fig. 3) , TA shows a
